INTRODUCTION {#sec1-1}
============

In South-west Nigeria, haemoglobin S has a stable gene frequency of 2.4% homozygote (Hb SS) and 25% heterozygote (HbAS).[@ref1]

The point mutation in position 6 of the beta-globin gene results in the replacement of hydrophilic glutamic acid by a hydrophobic valine. The consequence is haemoglobin S with reduced solubility in deoxygenated state and a low affinity for oxygen. The haemoglobin in low oxygen tension in the capillaries and venules releases its oxygen content and polymerises. The crystals deform the skeletal proteins and the membrane phospholipids such that the cell becomes more rigid and the membrane becomes more adherent to the endothelium and other blood elements.[@ref2] The result is blockage of the microvasculature, reduction red cell life span (haemolysis) and release of inflammatory cytokines and mitogens. With haemolysis, there is release of haemoglobin and arginase. The haemoglobin mops up the constitutive nitric acid which reduces vasoconstriction, platelet activation, vascular fibrosis and vascular muscle proliferation while arginase mops up arginine which is a substrate for the production of nitric oxide.[@ref2][@ref3][@ref4][@ref5][@ref6] Histopathology findings in pulmonary hypertension are medial and intimal thickening of the small pulmonary vessels.[@ref7] This, in association with increased haemodynamic in sickle cell disease, contributes to the genesis of pulmonary hypertension.

Moreover, various studies have shown that there is pulmonary pathology in adult patients with sickle cell disease.[@ref5][@ref6] Suggested causes include interstitial abnormalities caused by repeated acute chest syndrome, airway hyperactivity, nocturnal oxyhaemoglobin desaturation and thromboembolism.[@ref8][@ref9][@ref10] Chronic lung disease with generalised fibrosis and restrictive lung function defect is established at about the second decade of life and death at about the fourth decade.[@ref11][@ref12][@ref13][@ref14][@ref15] The damage to the lung tissue and consequently the pulmonary vessels may explain the histopathology findings in pulmonary hypertension.

The normal end systolic pressure in the right ventricle is less than 15 mmHg. An increase equal to or above 25 mmHg is considered raised.[@ref16][@ref17][@ref18][@ref19] The gold standard for the measurement is by catheterisation of the right ventricle which is an invasive procedure that requires special skill. An increase in the tricuspid regurgitant jet velocity over 2.5 m/second is considered as suggestive of pulmonary hypertension.[@ref18][@ref19][@ref20][@ref21]

The study by Castro *et al*., Pashankar *et al*., and Sulton *et al*., showed a high prevalence of 25-32% in adult and paediatric African-American sickle cell patients.[@ref20][@ref22][@ref23] The Castro *et al*., study showed an increase in tricuspid regurgitant jet velocity with age after the age of 40 years.[@ref20] The study by Gladwin *et al*., showed a significant relationship between pulmonary hypertension and lactate dehydrogenase but there was no significant relationship with foetal haemoglobin nor use of hydroxyurea.[@ref21] They also showed a high risk of death (rate ratio of 10.1).[@ref21] Sickle cell disease is, therefore, a common cause of secondary pulmonary hypertension and it is associated with high risk of death.

This study was therefore designed to determine the prevalence of pulmonary hypertension in sickle cell disease patients in our sickle cell clinic and to correlate this with other clinical and laboratory parameters.

MATERIALS AND METHODS {#sec1-2}
=====================

This was a case-control study involving patients in steady state attending the adult sickle cell disease clinic of Lagos State University Teaching Hospital and HbAA controls matched for age and sex recruited from a tertiary educational institution in Lagos. Institutional ethical approval was obtained from the hospital research and ethics committee. Informed written and verbal consents were obtained from participants.

The exclusion criteria were history of chronic lung disease like tuberculosis and smoking. Those with history of organ damage like chronic liver diseases, renal failure and heart failure were also excluded. These are disorders that may independently predispose patients to secondary pulmonary hypertension. While inclusion criteria were HbSS patients that were not in any form of sickle cell crisis and controls were apparently healthy individuals with HbAA. The number of eligible participants was 56 patients and 28 controls and the duration of study was 6 months.

Haemoglobin SS was determined by haemoglobin electrophoresis on cellulose acetate paper in alkaline medium. Red cell indices, white cell count and platelet count were done with the Sysmex haematology autoanalyser model KX-21N within 2 hours of sample collection. The foetal haemoglobin was determined using the modified Betke\'s method.[@ref24] All the participants were given appointments for chest X-ray in the radiology department of the hospital. The X-ray films were reported by the consultant radiologist in the team to identify lung lesions. The pulmonary function tests were done using the analogue vitalograph 2150 spirometry. The percentage predicted value for forced expiratory volume in first second (FEV1), forced vital capacity (FVC) and the peak expiratory flow rate in liters per minute were calculated on the basis of body mass index, age and sex. The participants were given bronchodilator (salbutamol 200 ug) and the percentage changes in volume noted. The pulmonary function was considered normal if FEV1 and FVC predicted were at least 80% and FEV1/FVC ratio was at least 70%. Obstructive lesion was considered if FEV1/FVC ratio was less than 70% and FEV1 was less than 80% while restrictive lesion was considered if FEV1/FVC ratio was at least 70% and FVC is reduced. Mixed lesion was considered if FEV1/FVC ratio was \<70% while FEV1 and FVC were \<80%.

Alanine transaminase, aspartate transaminase, total bilirubin and lactate dehydrogenase tests were done using Randox kits. The reference value are: Alanine transferase \<45 i.u./l, aspartate transferase \<35 i.u./l, total bilirubin 0.3-1.2 mg/dl, lactate dehydrogenase 180-360 i.u./l. Transthoracic echocardiograms were performed using Esaote Biomedica Sim challenge 7,000CFM challenge and GE Vivid I Echo Color Ultrasound System. Cardiac measurements were performed by the consultant cardiologist in the team. Peak velocities of E to A wave and ratio of E to A wave at mitral inflow were determined in a standard manner.[@ref25][@ref26] Isovolumic relaxation time was measured as the time from aortic valve closure to the start of mitral inflow. Tricuspid regurgitation was assessed in the parasternal right ventricular inflow, parasternal short axis and apical four chamber views to determine the highest velocity. Continuous wave Doppler sampling of the peak regurgitant jet velocity was used to estimate the right ventricular to right atrial systolic pressure gradient. The Bernoulli equation was used to calculate the pulmonary artery systolic pressure (pulmonary artery systolic pressure = 4V^2^ + estimated right atrial pressure, where V is the average peak tricuspid regurgitant velocity).[@ref27] Mean right atrial pressure was estimated according to the degree of inferior vena cava collapse with inspiration: 5 mmHg for collapse \>50% and 15 mmHg for collapse \<50%.[@ref28]

Statistical analysis {#sec2-1}
--------------------

Analysis was done using SPSS version 16.0 (Statistical Package for Social Sciences, Inc., Chicago, IL). Unpaired 't' test for parametric and Mann-Whitney test for nonparametric data were used as appropriate to compare averages and the Spearman\'s Rho or Pearson correlation test were used as appropriate for assessing relationships. The critical level of significance was set at *P* \< 0.05.

RESULTS {#sec1-3}
=======

The age range of participants was 14-42 years with a mean of 22 ± 6 years. The male --- female ratio was 3:5. All the participants had at least secondary education and 31% of them were either in a University or graduates. The mean body mass index was 15.99 kg/m^2^ +/-2.8 and 17% of the participants have had blood transfusion. There was no correlation between the pulmonary artery pressure and neither the age nor body mass index. Similarly, there were no significant differences in pulmonary artery pressure of male compared to female nor whether University educated or not \[[Table 1](#T1){ref-type="table"}\].

###### 

Ociodemographic profile of subjects and relationship with pulmonary hypertension

![](NMJ-55-161-g001)

The mean pulmonary artery pressure in patients with sickle cell disease was 10.46 mmHg +/- 6.93 while it was 7.83 mmHg +/-1.3 in controls. The difference is statistically significant (*P* = 0.013). Two patients (3.6%) had their pulmonary artery pressure greater than 25 mmHg among the patients with sickle cell disease and 28 patients (52.9%) had evidence of restrictive lung disease.

There was negative significant correlation between the estimated pulmonary artery pressure and the haematocrit while the correlation with lactate dehydrogenase and aspartate transferase was positive \[[Table 2](#T2){ref-type="table"}\].

###### 

Correlation of clinico-laboratory parameters with the mean pulmonary artery pressure in sickle cell disease patients
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The pathological findings in sickle cell disease on chest X-ray were cardiomegaly, plethora, upper lobe diversion, pulmonary infiltrate and fibrosis. Thirty-four patients had both chest X-ray and echocardiography done and 19 (56%) of them had abnormal chest X-ray findings. There was no significant difference in the means of the pulmonary artery pressure of those with abnormal X-ray findings when compared with that of patients without X-ray lesions (*P* = 0.3490) \[[Table 3](#T3){ref-type="table"}\].

###### 

Comparing the echocardiography findings in abnormal and normal x-ray findings in sickle cell patients
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DISCUSSION {#sec1-4}
==========

There was significant statistical difference in the estimated pulmonary artery pressure of our patients compared with that of the controls. However, only 3.6% of these patients with sickle cell disease had evidence of pulmonary hypertension compared to none in controls. The prevalence of 3.6% was low compared to a study in Northern Nigeria where the prevalence in 2008 was 25%.[@ref29] Our study population was younger and the cases were a selection (based on exclusion criteria) of a population of patients who are assumed to be better motivated for regular treatment in a tertiary hospital and in a commercial center of the country.

There are reports of pulmonary hypertension in children above 6 years with sickle cell disease.[@ref22] In this study, the two patients with raised regurgitant jet velocity had an average age of 25 years. In the Zaria study, the peak was between the age of 18 and 24 years.[@ref29] In a study based in the USA, the frequency of pulmonary hypertension increases from the age of 35 years.[@ref29] In summary, therefore, pulmonary hypertension develops around the age of 6 and the frequency rises with age; however, the peak age varies from one socioeconomic region to another. The variation may also be a reflection of the different phenotypic expression of haemoglobin SS which presents with various degree of organ damage and survival.

The study demonstrated that with increase in lactate dehydrogenase and aspartate transferase, which increase during haemolysis, there is increase in the pulmonary artery pressure. On the other hand, there is increase in pulmonary artery pressure with reduction in haematocrit. Reduction of haematocrit in sickle cell disease is an indication of hyperhaemolysis. These suggest that haemolysis may contribute significantly to the pathogenesis of pulmonary hypertension in sickle cell anaemia. The differences in vascular reaction to haemolysis, inflammation and increased haemodynamic state, be it genetic or epigenetic, may explain the diversity of phenotypic presentation of patients with sickle cell disease.

In this study, the mean foetal haemoglobin was 6.61 % and there was no correlation with the pulmonary artery pressure. Other studies have also demonstrated that the pulmonary artery pressure increase is independent of the level of foetal haemoglobin or use of hydroxyurea.[@ref29] An explanation is that foetal haemoglobin has a threshold effect in preventing sickling.

Pulmonary hypertension has been associated with reduced survival in patients with sickle cell disease.[@ref16][@ref17][@ref18][@ref19][@ref20] This study attempted to find a test that may predict pulmonary artery hypertension in sickle cell anaemia. However, it has demonstrated that pulmonary artery pressure is an independent parameter which should be monitored regularly in adult patients with sickle cell anaemia. The study also showed that conditions like chest X-ray abnormalities and restrictive pulmonary function lesions are more common than pulmonary hypertension in adult. They should be included in routine medical checkup in adults with sickle cell disease.

A limitation of this study was the small sample size which is partly based on available fund. The direct measurement of the pulmonary artery pressure by catheterisation which is invasive and which require specialised skill could have been done alongside echocardiography which is a screening tool as it may under or overestimate the pulmonary artery pressure.

CONCLUSION {#sec1-5}
==========

Conclusion, sickle cell disease is an independent cause of pulmonary artery hypertension. Variation in cardiovascular reactions to recurrent hyperhaemolysis and hyperdynamic state in sickle cell disease may explain differences in the development of cardiac complications. Exploration of these reactions may reveal other therapeutic measures to prevent complications in sickle cell disease. Clinical assessment of patients with sickle cell disease in adults should include echocardiography. The possibility of using the measurement of pulmonary hypertension in assessing prognosis in sickle cell disease will require further studies.
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